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This study explores how integrating cryptocurrencies into traditional financial portfolios can influence investment performance. Focusing on Bitcoin and Ethereum alongside key European stock indices (BUX, DAX, and FTSE), the analysis examines whether blockchain-based assets can enhance diversification and improve the balance between risk and return. Using weekly market data from 2019 to 2023, the research applies Markowitz mean–variance optimization to identify optimal asset allocations under different objectives such as maximizing the Sharpe ratio, minimizing risk, and maximizing returns. The findings reveal that cryptocurrencies show weak correlations with European stock indices, suggesting meaningful diversification potential. When included in portfolios, Bitcoin and Ethereum can significantly boost returns, though they also increase volatility. Portfolios optimized for risk reduction favored traditional indices, while those targeting higher returns relied predominantly on cryptocurrencies. Overall, combining digital and conventional assets produced a more balanced performance, with the Sharpe-ratio–maximized portfolio demonstrating the best trade-off between stability and profitability. These results indicate that cryptocurrencies can play a valuable complementary role in modern portfolio construction. They are most suitable for investors willing to accept higher risk in exchange for potentially greater rewards, while more risk-averse investors may benefit from maintaining a stronger focus on traditional equity indices. The study contributes to understanding how blockchain-driven assets can expand financial opportunities and supports a broader view of diversification in contemporary investment strategies.
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1 INTRODUCTION
This study aims to investigate the advantages and difficulties of incorporating cryptocurrencies into financial portfolios. This research focusing on regional European datasets—including Hungary—through the analysis of the BUX, DAX, and FTSE indices, and by applying specific optimization methods. The paper’s motivation to examine the practical implications of integrating major blockchain-based assets into traditional investment portfolios. By analyzing their interaction of cryptocurrencies with established European stock indices, the study addresses key economic questions surrounding the diversification, risk, and return dynamics of blockchain assets in real-world financial markets. With the growing interest in cryptocurrencies, an increasing number of academics have begun to investigate the feasibility of incorporating Bitcoin and other cryptocurrencies into investment portfolios. However, the number of published studies on this topic remains limited. Particularly absent are works examining the general impact of cryptocurrencies, their correlation with other asset classes, or their volatility. Most studies have concentrated on U.S.-based assets as the starting point for analyzing portfolio diversification (Kajtazi and Moro, 2018).
Investment approaches have evolved alongside the development of financial markets. While minimizing risk has always been a priority, achieving acceptable returns has also become critical. Traditional portfolio theory concentrated on the examination of individual securities, often neglecting the interdependencies that are crucial for portfolio performance. Markowitz’s modern portfolio theory (MPT) transformed this area when it introduced a framework for optimizing the expected returns-risk combinations also. A key aspect of Markowitz’s theory was the emphasis on accounting for probability and risk when structuring portfolios, particularly by considering mean (expected return) and variance. The theory also highlighted that the risk of individual securities is less relevant than their covariance in determining portfolio risk (Lekovic, 2021). This approach transformed portfolio construction and significantly impacted financial markets and investment practices.
2 LITERATURE REVIEW
Blockchain technology acts as a catalyst for reducing transaction costs while enabling decentralized finance platforms for expanding financial opportunities. This distributed ledger technology fosters a new model for trust thus easing financial services with novel business models that were previously inaccessible or economically unfeasible due to high cost (Mhlanga, 2023). Blockchain technologies are dynamic, and this dynamism is a challenge to customary financial dichotomies. For example, blockchain technologies challenge the distinction between formal or informal or mainstream versus alternative financial systems. Blockchain’s application is addressing itself to profitability, risk management, and to interoperability in the remittance sector specifically (Rella, 2019). Blockchain creates new pathways for financial participation. By democratizing access to financial instruments and services, it lowers the barriers to entry for a wider range of investors (Jutel, 2023).
The Blockchain technologies has brought changes to the investment landscape. Cryptocurrencies also have significant price volatility with opportunities for high returns and substantial risks. This volatility attracts investors seeking high returns and willing to accept higher risk exposure (Brynjarsson and Ágústsdóttir, 2022).
Blockchain based investment assets are relatively new field in financial literature. Nevertheless, their unique characteristics along with growing interest, have drawn significant attention from researchers, thereby expanding the body of literature in this domain. Researchers’ interest in the investment characteristics of cryptocurrencies come from two primary factors. First, cryptocurrencies are independent of traditional financial and monetary authorities and from government institutions. Secondly, these digital assets have demonstrated extremely high returns and significant volatility. These attributes have motivated academics to explore optimized portfolios with cryptocurrencies (Brynjarsson and Ágústsdóttir, 2022).
2.1 The impact of blockchain technology on portfolio performance
Briere, Oosterlinck, and Szafarz (2015) used weekly data 2010–2013 to study Bitcoin investments. According to their data, volatility and average returns were particularly high during this time. Additionally, there was little link between the price of Bitcoin and other assets. The authors concluded that Bitcoin investments provide diversification advantages after conducting a number of tests. According to their research, a modest investment in Bitcoin can raise risk-return ratio. However, they warned that as the data only shows early-stage Bitcoin price fluctuation, these conclusions should be interpreted cautiously.
The combinations of Bitcoin with conventional stock and bond benchmark portfolios were examined by Platanakis and Urquhart, (2020). To determine the prospective worth of Bitcoin, they examined eight distinct portfolio development techniques using data gathered between October 2011 and June 2018. According to their data, volatility and average returns were particularly high during this time. Additionally, there was little link between the price of Bitcoin and other assets. The authors came to the conclusion that Bitcoin investments provide diversification advantages after conducting a number of tests. Using daily data from 2012 to 2019, Kajtazi and Moro (2018) examined the performance of Bitcoin’s using a Conditional Value at Risk (CVaR) framework was compared with post hoc tests. Their results showed that the addition of Bitcoin enhances portfolio performance, increasing returns opposed to decreasing volatility. However this remarkable performance was closely linked to Bitcoin sharp price increase in 2013. Despite Bitcoin’s speculative nature, the authors conclusion that it may help diversify a portfolio.
Kajtazi and Moro (2018) aimed to assess the impact of integrating Bitcoin into portfolios using daily data from 2012 to 2019. Post-hoc tests were conducted to compare the performance of Bitcoin’s role in portfolios employing a Conditional Value at Risk (CVaR) framework. Their findings confirmed that Bitcoin’s inclusion improves portfolio performance, primarily through increased returns rather than reduced volatility. This improvement was closely linked to Bitcoin’s exceptional performance in 2013, when its price surged dramatically. The authors concluded that Blockchain based investment could contribute to portfolio diversification. Wang et al. (2024) examined Bitcoin, as an highly speculative financial instrument, but they found that Chinese green bonds are suitable for diversifying the risks of portfolios. Aggarwal and Santosh (2018) looked the adopting benefits of Bitcoin in case of Indian investors from August 2010 to December 2016. They used eight indices in several asset classes, equities, securities, and other alternative investments. Leveraging the CVaR approach for optimal asset allocation, their results indicated that Bitcoin-inclusive portfolios yielded better in case of long-only and equal-weight strategies. Eisl et al. (2015) examined how Bitcoin investments influence diversified portfolios between July 2010 and April 2015. Similar to Aggarwal and Santosh, (2018), they applied a CVaR approach. Their findings also highlighted that Bitcoin’s inclusion is crucial for achieving optimal portfolios. Wu and Pandey, (2014) focused on evaluating Bitcoin’s role not only as a currency but its utility as an investment asset. Their results suggest that while Bitcoin has limited utility as a currency, it could play a vital role in improving portfolio performance.
In his research, Abdelmalek, (2023) studied the impacts of holding different cryptocurrencies on portfolio diversification and investment decisions. During the pandemic, the study sought to determine the extent to which cryptocurrencies, singularly or in aggregate, contributed to augmenting the performance of a diversified portfolio comprising mainly of traditional assets. The author applied two portfolio optimisation methods in the analysis: the Markowitz model and maximum Sharpe ratio optimisation. For benchmark comparison, naïve diversification rules were also assessed. The results indicated that cryptocurrencies’ diversification benefits were much less evident prior to the pandemic, but became particularly pronounced during the pandemic. Additionally, the study noted that the benefits of diversification are greater when cryptocurrencies are included in a portfolio that is already diversified, as opposed to when they are managed in isolation. Demiralay and Bayraci, (2021) studied the diversification potential of cryptocurrencies within stock portfolios using correlation analysis. They noted that during crises, the correlations increase which diminishes the diversification potential. In their study, Grujic and Soja, (2022) examined the diversification benefits of Eurozone stock indices and Bitcoin. The research aimed to determine what proportion of Bitcoin is justified in the structure of a portfolio, considering the return-to-risk ratio. The analysis included daily data on the movements of selected stock indices and Bitcoin. The results suggest that including Bitcoin in the portfolio is justified, and for institutional investors, a Bitcoin share of approximately 6% is recommended. Popova and Kau, (2022) pointed out that if an asset carries significant extreme risk, mean-variance optimization may not result in an optimal portfolio, especially when asset returns do not follow a normal distribution. Authors developed a new Monte Carlo simulation method that more accurately models observed empirical return distributions and takes extreme values into account. According to their results, the combined application of stochastic optimization and the new method enables the creation of more efficient portfolios. These portfolios exhibit better return-to-risk ratios than those constructed using traditional mean-variance optimization. Furthermore, their research findings suggest that Bitcoin can contribute to portfolio diversification, especially when the optimization process considers not only the average return and standard deviation, but also all key characteristics of the return distributions.
Aliu et al. (2021a) aimed to explore diversification abilities of cryptocurrencies with stock assets from the Visegrád stock exchanges. The research conducted three independent experiments to examine the diversification benefits offered by cryptocurrencies. According to the results of the other two experiments, cryptocurrencies couse a higher risk into the portfolio but also provide higher returns. Özbek’s (2023) study examined Bitcoin’s diversification possibilities. The research analyzed the relationship between Bitcoin and the BIST 100, as well as the S&P 500 indices. The study period ran from 2 November 2020, to 19 July 2022, which was divided into four subperiods with both bull and bear market phases. Based on the findings, including Bitcoin in portfolios may result in better diversification, particularly in the case of the BIST 100 index.
The literature on portfolio optimization focused exclusively on cryptocurrencies is rapidly expanding. Platanakis and Urquhart, (2018) examined the optimal Markowitz diversification strategies in crypto currency portfolios. This study analyzed the performance of a portfolio with four popular cryptocurrencies, the dataset covered the period from February 2014, to January 2018. Their results revealed only minimal differences between naive and optimal diversification strategies. The aim of Mazanec’s (2021) research was to construct optimal cryptocurrency portfolios using the Markowitz model. Their study analyzed a sample of 16 virtual currencies, based on daily closing prices from 1 October 2017, to 13 January 2020. The results suggests, the best-performing portfolio included three cryptocurrencies: Cardano, Binance Coin, and Bitcoin. The examined currencies showed a moderately strong correlation with one another, except for Tether, which significantly differed from the rest and behaved as an atypical asset. The researcher also pointed out that high correlation can reduce the effectiveness of diversification. Bakry et al. (2021) investigated the role of Bitcoin in portfolio diversification within portfolio optimization frameworks. They analyzed the maximization of Sharpe ratio across different portfolio strategies. Their findings suggest that Bitcoin is a valuable diversifying asset. However, the study cautions that for risk-averse investors, high amount of Bitcoin could result losses during market stress periods. Henriques and Sadorsky, (2018) analyze Bitcoin’s role in portfolios by treating it as “digital gold,”. They analyzed with multivariate GARCH models—including DCC, ADCC, and GO-GARCH—they conduct analyses which demonstrate that Bitcoin can effectively reduce portfolio risk.
According to Allen’s, (2022) analysis, during the pandemic, cryptocurrencies - most notably Bitcoin and Ethereum - began to exhibit increasing comovement with the S&P 500, but their interrelationship remained stable. Utilizing both parametric and non-parametric methods, their study concludes that during crisis periods, cryptocurrencies offer limited diversification benefits.
Based on the reviewed literature, multiple studies confirm the positive impact of including Bitcoin in a diversified asset portfolio. Research by Briere et al. (2015), Platanakis and Urquhart (2020), Kajtazi and Moro (2018), Aggarwal and Santosh (2018), Eisl et al. (2015), Wu and Pandey (2014), Abdelmalek, (2023), Grujic and Soja (2022), Letho et al. (2022), Popova and Kau (2022), Aliu et al. (2021a), Özbek (2023), Bakry et al. (2021), Henriques and Sadorsky (2018) and Almeida and Goncalves, (2023) provides evidence across various optimization techniques and data periods. Nevertheless, Platanakis et al. (2018) and Braunies and Mestel, (2019) demonstrate that optimizing portfolios composed only with cryptocurrencies has not led to improved risk-adjusted performance. In these analyses they concluded that, exclusive reliance on cryptocurrencies did not better exploit the balance between expected returns and risk in portfolios. Focusing on Bitcoin Dikovitsky, (2025) explored, how can public discourse influence price dynamics within an hour of publication by analyzing the semantic content of news headlines. Using the machine learning techniques of BERT, GPT models and GloVe vector representations, his model was able to predict price movements with 79% accuracy. Vitulyova et al. (2024) proposed a new method to study the impact of space weather factors on people’s economic behavior. Based on the statistics of Ethereum and Bitcoin cryptocurrency transactions, they performed a cross-correlation analysis of the relationship between the two parameters, which resulted in a confirmed relationship. This analysis also confirms that crypto markets are highly psychology-driven markets, so a portfolio consisting solely of cryptocurrencies carries irrational risk.
2.2 Blockchain technology as hedging and safe-haven assets
In recent years, cryptocurrencies have garnered increasing attention not only as investment assets but also as potential hedging and safe-haven instruments against instability. This section reviews research on the role of cryptocurrencies, as hedging and safe-haven assets to understand their potential in portfolio protection and risk mitigation. Urquhart and Zhang, (2019) adopted a unique approach to examine the correlation between Bitcoin and global currencies, analyzing data at an hourly frequency from 1 November 2014, to 31 October 2017. Given Bitcoin’s high volatility, the hourly analysis enabled a more dynamic perspective. Using an ADCC model (asymmetric dynamic conditional correlation), they found that Bitcoin served as an intraday hedge for CHF, EUR, and GBP, while functioning as a diversification tool for AUD, CAD, and JPY. When these currencies experienced instability, Bitcoin provided a relatively stable alternative for investors.
Susilo et al. (2020) focused on how cryptocurrencies can hedge equity investments, particularly during the 2018 cryptocurrency bubble and in relation to domestic currencies. They analyzed the Bitcoin, Monero, Ripple, Ethereum, and Litecoin against Southeast Asian equity indices as well as developed market equities for the period 8 August 2015, to 2 July 2019. They revealed that no single cryptocurrency provided significant hedging against equities. While the combined performance of the five cryptocurrencies marginally hedged equities, the effect was weak. They concluded that adding cryptocurrencies to portfolios was not an effective strategy for diversification or risk reduction. Commodities were found to be a better hedging option for emerging markets in Southeast Asia. Wing et al. (2019) investigated Bitcoin’s hedging and diversification potential against major stock indices across different time periods. Using not only pairwise GARCH models but also Constant conditional correlation (CCC) data from October 2010 to October 2017, Bitcoin provided effective hedging capabilities, particularly at a monthly frequency. Additional models based on varying data frequencies revealed that Bitcoin’s returns effectively hedged indices such as S&P 500 and Euro STOXX at average frequencies and the Shanghai A-Share index at less frequent intervals.
Dyhrberg (2016) analyzed Bitcoin’s hedging capabilities against the FTSE Index and US dollar during July 2010 to May 2015. Bitcoin functioned effectively. While Bitcoin had some short-term hedging capacity against the dollar, this was primarily due to its high trading frequency. Dyhrberg concluded that Bitcoin serves as an effective hedge, such as gold and other traditional assets. Liu et al. (2024) found that in times of high inflation, Bitcoin is an excellent option for investors to diversify their investment, but it cannot serve as a hedge like gold during times of economic turmoil and high uncertainty. They came to a similar conclusion, namely, that Bitcoin does not function as a safe option during turbulent market situations (Su et al., 2022). Pourpourides (2025) examined the long-term relationship between key macroeconomic and financial variables and various cryptocurrency metrics, including prices, market capitalization and Bitcoin’s hash rates. He found that the US dollar and gold price have strong, statistically significant negative effects on Bitcoin and other crypto assets and the impact of the US dollar on Bitcoin is 21–27 times larger compared to gold. This study therefore supports the interpretation of Bitcoin as a digital store of value similar to gold. The study by Ghabri et al. (2022) examines hedging strategies during the pandemic. The authors analyzed volatility spillovers between financial markets, using the VAR spillover model developed by Diebold and Yilmaz (2014). The study investigates how gold, bitcoin, and tether performed as hedging, applying the ADCC-GARCH method (Capiello et al. 2006). The results indicate that market risks significantly increased during the pandemic, and gold proved to be the most reliable asset, while bitcoin’s role was more volatile. Chopra and Mehta’s, (2022) study investigates bitcoin’s hedging within a portfolio of stocks, bonds, and real estate assets across both developed and emerging markets, over a 10-year period including the pandemic. Based on DCC-GARCH analysis bitcoin can only be considered a weak hedging asset and does not yet fulfill the role of a stable financial asset. Nevertheless, portfolio managers should consider its future potential.
In their study, Su et al. (2021) examine the effect of Bitcoin on U.S. political shifts. The results show that bitcoin can be a safe asset during times of political uncertainty, as its price may rise with increasing political conflict. However, the bursting of a bitcoin bubble could diminish its hedging capabilities. The study by Su et al. (2022) examines how bitcoin’s price reacts to market fear, as calculated by the Volatility index (VIX). Based on the analysis when the VIX is high, bitcoin’s price may decrease, suggesting that it cannot be considered a safe financial asset. However, when the VIX is low, bitcoin’s price may rise. The research contradicts the theory that a high VIX could boost bitcoin’s price. Moreover, bitcoin’s price also affects the VIX, meaning that bitcoin’s value can reflect changes in the fear index, thus helping investors make more informed decisions.
Kayral et al. (2023) employ the DVECH-GARCH analysis to examine the hedging capabilities of Bitcoin and G7 equity indices over the period 2016–2023. Based on their findings blockchain based assets functioned effectively as diversification instruments, particularly during periods of market stress. While gold outperformed Bitcoin in terms of hedging efficiency, both assets served as safe asset during of market turbulences. In the longer term, sustainability considerations, alongside return and risk, are also key to investment decisions. Rogers, (2023) has modelled how crypto miners compete strategically over time, and examined how investments in energy-efficient technologies and R&D&I affect aggregate energy consumption and economic efficiency. In the long run, miners have an incentive to shift investments from energy-intensive proof of work hashing to more efficient transaction processing, resulting in lower fees and lower energy use per transaction. Cryptocurrencies and the issue of their sustainability are worth considering not only from the perspective of individual investment decisions, but we should also think of them as factors influencing the long-term direction of the entire banking system. Almadadha, (2025) explored the impact of blockchain technology adoption on the financial performance of three major Australian banks over the period 2016–2023. The empirical analysis reveals a significant positive relationship between blockchain adoption and both bank’s ROA and ROE. These results suggest that blockchain contributes to improved efficiency, cost reduction, and profitability in the banking sector.
3 MATERIALS AND METHODS
The objective of this research is to determine the optimal composition of a portfolio consisting of the BUX, DAX, FTSE indices, Bitcoin, and Ethereum, with a particular focus on how cryptocurrencies influence the performance of European stock indices. The study employs Markowitz portfolio optimization, enabling the determination of optimal asset allocation by considering the risk-return tradeoff. According to Markowitz (1952), correlations and covariances among assets are critical for minimizing portfolio risk.
Data were collected from Investing.com, covering 1 January 2019 to 31 December 2023, to analyze long-term market trends and the role of cryptocurrencies. Weekly returns were calculated from weekly price data to evaluate performance in terms of volatility and risk over the given period. A covariance and correlation matrix was then constructed to analyze inter-asset relationships.
Subsequently, the weights of assets in the portfolio were determined, and the weighted covariance, portfolio variance, and standard deviation were calculated. Portfolio optimization was performed using Excel Solver with three objective functions: maximizing the Sharpe ratio, minimizing risk, and achieving the highest return. Maximizing the Sharpe ratio was particularly emphasized as it accounts for both risk and return, making it well-suited for evaluating risky investments.
We used weekly return frequencies to mitigate the distorting effects of volatility and extreme values. Historical weekly T-bill yields, obtained from the Federal Reserve Economic Data (FRED) database, were used as risk-free alternative returns in the portfolio optimization. These yields, which are frequently updated, reflect the financial environment of each week, ensuring that the analysis accurately captures market conditions and incorporates the most current risk-free return rates.
4 RESULTS
This section examines how blockchain financial products could increase investment options, emphasizing how they could increase the variety of assets that can be used to build a portfolio. Using the Markowitz portfolio optimization method outlined earlier, three distinct portfolios were constructed, each targeting a different objective: maximizing the Sharpe ratio, minimizing risk, and maximizing returns. The following sections provide an evaluation of the performance of these three portfolios as alternative assets on European stock indices and the overall portfolio stability.
The covariance matrix in Table 1 illustrates the relationships between the five assets, helping to determine the degree to which the assets move, which is critical for evaluating portfolio risk. The covariance value between the BUX and DAX indices is 0.00053, indicating a positive relationship, meaning the two assets tend to move together. However, the relatively low value suggests that the relationship is not very strong.
TABLE 1 | Covariance matrix.	Assets	BUX	DAX	FTSE	Bitcoin	Ethereum
	BUX	0.000870849				
	DAX	0.00053202	0.0008965			
	FTSE	0.000408846	0.000608016	0.000575		
	Bitcoin	0.000422017	0.000649733	0.000556	0.008788	
	Ethereum	0.00082413	0.001124335	0.000938	0.008951	0.014438


The relationship between the DAX and FTSE indices is somewhat closer, with a covariance value of 0.00061, though still not particularly high. The covariance between Bitcoin and Ethereum (0.00895) is the largest in the table, demonstrating a strong positive relationship between these two assets. Basod on that the two crypto currencies often move together.
In contrast, the covariances between cryptocurrencies and stock indices are lower. For instance, the covariance between the BUX index and Bitcoin is 0.00042, indicating a weaker relationship. This weaker connection is significant for portfolio diversification, as combining different types of assets can help reduce overall portfolio risk.
In addition to the covariance matrix, the correlation matrix also aids in interpreting the relationships between assets. Correlation normalizes covariance, providing values between 1 and −1 to indicate how assets move together. A value of +1 represents a perfectly positive relationship, −1 indicates a perfectly negative relationship, and 0 suggests no correlation between two assets. Table 2 presents the correlation values between the analyzed assets.
TABLE 2 | Correlation matrix.	Assets	BUX	DAX	FTSE	Bitcoin	Ethereum
	BUX	1				
	DAX	0.602117789	1			
	FTSE	0.577896914	0.847036	1		
	Bitcoin	0.152552057	0.231483	0.247505	1	
	Ethereum	0.232418322	0.312512	0.325784	0.794685	1


The correlation between the BUX and DAX indices is 0.60, which indicates a moderate positive relationship—these assets move in similar directions, but not perfectly. This allows for their combination in a portfolio to reduce risk. The correlation between the DAX and FTSE indices is 0.85, demonstrating a strong positive relationship, meaning these assets move closely together. However, this could reduce the benefits of diversification when both assets are included in the portfolio.
The correlation between Bitcoin and Ethereum is 0.79, reflecting a strong relationship and significant co-movement. In contrast, the correlations between cryptocurrencies and stock indices are weak. In case of BUX index and Bitcoin correlation is 0.15, however the FTSE and Ethereum is 0.33. This weak correlation is advantageous for diversification, as combining different types of assets can reduce portfolio risk.
Analysis of the covariance and correlation matrices indicates that the weak relationship between cryptocurrencies and stock indices supports portfolio diversification, as these two asset categories do not move closely together. The strong relationship between Bitcoin and Ethereum offers limited diversification benefits when combined, but these assets may provide high returns. European stock indices exhibit stronger interrelationships, particularly between the DAX and FTSE indices, suggesting these assets respond similarly to various economic and market influences.
The findings suggest that a combination of cryptocurrencies and European stock indices offers significant diversification benefits, reducing portfolio risk. During portfolio optimization, maximizing the Sharpe ratio led to an asset allocation that delivered the best risk-return performance. The optimal portfolio weights are displayed in Figure 1, where the BUX holds the largest weight (41%), contributing as a stabilizing factor. Bitcoin (30%) and Ethereum (23%) feature prominently, reflecting a focus on high returns, albeit with increased risk. The DAX has a smaller weight (6%), while the FTSE was excluded, indicating that the optimal portfolio relies on the dominance of cryptocurrencies and the BUX.
[image: Pie chart showing market share: BUX has 41% in blue, Ethereum has 23% in light blue, Bitcoin has 30% in yellow, DAX has 6% in orange, and FTSE is not represented.]FIGURE 1 | Optimal asset weights for Sharpe ratio maximization.Figure 2 illustrates the average portfolio returns for the period 2019–2023. The chart highlights the year-to-year variability, including a notable spike in returns in 2020, driven by exceptional market conditions. However, 2022 saw a decline, attributable to market disruptions and other economic factors. Over the 5-year timeline, the portfolio achieved a cumulative return of 951%, meaning the original investment grew nearly tenfold. To analyze the optimized portfolio, the return and standard deviation were calculated based on weekly data. Weekly T-Bill yields were used as a proxy for risk-free returns. Table 3 summarizes the results of the analysis.
[image: Bar chart displaying annual average returns from 2019 to 2023. In 2019, returns were 52%. In 2020, they increased to 185%. In 2021, they were 124%. In 2022, there was a decrease to -38%. In 2023, returns rose to 91%.]FIGURE 2 | Annual average returns with Sharpe ratio maximization.TABLE 3 | Results of Sharpe ratio maximization.	Years	Portfolio weekly average return	Portfolio return standard deviation	Risk-free return	Sharpe ratio adjusted for risk-free return	Sharpe ratio
	2019	0.0081	0.045561146	0.000404	1.21	1.28
	2020	0.0203	0.070375736	0.000073	2.08	2.08
	2021	0.0156	0.068535093	0.000009	1.64	1.64
	2022	−0.0091	0.058215922	0.000387	−1.18	−1.13
	2023	0.0126	0.03647384	0.001012	2.28	2.48
	Total	0.0095	0.057777288	0.000007	1.19	1.19


The optimized portfolio achieved an average weekly return of 0.95%. Portfolio risk, as measured by the standard deviation of returns (volatility), was 5.77%. Risk-free weekly returns, derived from T-Bill rates sourced from the FRED (Federal Reserve Economic Data) database, dynamically reflected changes in the market environment. The significant weights of Bitcoin and Ethereum contributed to higher potential returns but also increased portfolio volatility. Meanwhile, the smaller weights of European stock indices (BUX, DAX) helped reduce portfolio risk and improve diversification.
On an annualized basis, Figure 3 demonstrates that 2023 was the best-performing year, with a Sharpe ratio (adjusted for the risk-free return) of 2.28, while 2022 was the worst year, with a negative Sharpe ratio. Over the entire period, the Sharpe ratio for the portfolio was 1.19, indicating that for each unit (percentage point) of risk, the portfolio yielded slightly more than one unit of excess return. This places the portfolio in the following Sharpe ratio categories:
	0 to 1: Indicates that the portfolio generates less than one unit of excess return per unit of risk compared to risk-free assets.
	1 to 2: Reflects a favorable risk-return tradeoff, where higher risk is associated with higher returns.
	2 to 3: Represents portfolios offering at least twice the excess return for each unit of risk. (Sharpe, 1994).

[image: Bar chart displaying the Sharpe ratio from 2019 to 2023, with totals. Positive values for 2019, 2020, 2021, 2023, and Total are in blue, while the negative value for 2022 is in red.]FIGURE 3 | Sharpe ratio adjusted for risk-free return under Sharpe ratio maximization.This result underscores the importance of diversification and highlights the advantages of employing Markowitz portfolio optimization in achieving a higher risk-return ratio.
When determining the weights of the optimized portfolio, two objectives were considered: maximizing the Sharpe ratio and minimizing risk. The Excel Solver produced identical asset combinations for both objectives, reflecting the interconnectedness of these goals. Maximizing the Sharpe ratio not only aims to increase returns but also seeks to reduce risk, as lower risk positively impacts the ratio. The relationships between assets, particularly the low covariance values, further contributed to achieving identical optimal solutions for both objectives. This outcome indicates that the overall risk and return of the portfolio are optimally balanced, satisfying the requirements for both risk minimization and Sharpe ratio maximization.
The optimal asset weights for risk minimization portfolio consists exclusively of the BUX index, meaning its performance is solely based on the Hungarian stock market.
Figure 4 displays the portfolio’s annual average returns from 2019 to 2023, high-lighting year-to-year variations. In 2019, the portfolio achieved a 14% return, driven by a strong market environment. However, in 2020, returns dropped by 4% due to negative global and Hungarian market trends caused by the pandemic. The following year (2021) saw a 22% increase, fueled by economic recovery. In 2022, the portfolio experienced an 11% decline due to market uncertainties and global economic challenges. Finally, 2023 marked an exceptional year, with a 41% return, attributed to market stabilization.
[image: Bar chart depicting annual average returns from 2019 to 2023. Positive returns in blue: 2019 at fourteen percent, 2021 at twenty-two percent, 2023 at forty-one percent. Negative returns in red: 2020 at minus four percent, 2022 at minus eleven percent.]FIGURE 4 | Annual average returns under risk minimization.At the end of the 5-year period, the cumulative return reached 68%, meaning the original investment grew by approximately 1.5 times. This moderate return was achieved with relatively low risk, as evidenced by the 2.9% standard deviation in Table 4. The low volatility suggests stable returns throughout the analyzed period. As a result, this portfolio may appeal to investors prioritizing stability and moderate risk over high returns, providing a solid foundation for longterm investments.
TABLE 4 | Results of risk minimization (source: authors’ calculations based on Investing.com and FRED).	Years	Portfolio weekly average return	Portfolio return standard deviation	Risk-free return	Sharpe ratio adjusted for risk-free return	Sharpe ratio
	2019	0.0025	0.016477276	0.000404	0.92	1.10
	2020	−0.0008	0.044173645	0.000073	−0.14	−0.12
	2021	0.0038	0.019100662	0.000009	1.42	1.42
	2022	−0.0021	0.03678964	0.000387	−0.50	−0.42
	2023	0.0066	0.021075006	0.001012	1.92	2.27
	Total	0.0020	0.029567068	0.000007	0.49	0.49


Figure 5 illustrates the evolution of the Sharpe ratio, adjusted for alternative returns under risk minimization.
[image: Bar chart showing Sharpe ratios from 2019 to 2023 and a total. Positive values are blue, negative red. Ratios: 2019 (0.92), 2020 (-0.14), 2021 (1.42), 2022 (-0.5), 2023 (1.92), total (0.49).]FIGURE 5 | Sharpe ratio adjusted for alternative returns under risk minimization.In 2020 and 2022, the Sharpe ratio turned negative, indicating that the returns did not justify the risk taken during those years. Conversely, 2021 and 2023 showed favorable Sharpe ratios, suggesting effective risk management and positive portfolio performance. The overall Sharpe ratio of 0.49 indicates that while the portfolio did not achieve outstanding returns, it successfully balanced risk and reward over the 5-year period. This moderate yet consistent performance could be particularly attractive to investors who prioritize risk-conscious investment strategies and focus on longterm growth.
The optimal weights for return maximization are illustrated in Figure 6. To maximize returns, the portfolio exclusively includes the two cryptocurrencies, Bitcoin and Ethereum, omitting European equity indices (BUX, DAX, FTSE). Ethereum dominates the portfolio with a weight of 83%, while Bitcoin accounts for 17%.
[image: Pie chart showing Ethereum in blue representing 83 percent and Bitcoin in yellow representing 17 percent. The legend includes BUX, DAX, FTSE, Bitcoin, and Ethereum.]FIGURE 6 | Optimal asset weights for return maximization.Figure 7 presents the annual returns of the portfolio constructed for return maximization between 2019 and 2023. Exceptional returns are observed in 2020 and 2021, driven by favorable market trends. However, a significant decline occurred in 2022. In 2023, the portfolio again achieved positive returns, though the growth lagged behind the previous 2 years. Compared to the portfolio optimized for Sharpe ratio maximization, the return-maximized portfolio demonstrated substantial growth, particularly in 2021 and 2022, but also exhibited higher volatility.
[image: Bar chart showing annual average returns from 2019 to 2023. In 2019, returns were 53%. In 2020, they peaked at 742%. In 2021, they were 574%. In 2022, there was a -52% decline. In 2023, returns rebounded to 119%.]FIGURE 7 | Annual average returns under return maximization.5 DISCUSSION
The portfolio’s cumulative return over the 5-year period is 8,944%, indicating that the initial investment grew nearly 90-fold. However, this substantial growth comes with significant risk, as evidenced by the standard deviation of 11.3% shown in Table 5. The high volatility reflects considerable fluctuations in returns over the period. This is particularly relevant for portfolios dominated by cryptocurrencies, where extraordinary returns are accompanied by heightened risks. These findings suggest that return maximization is primarily appealing to risk-tolerant investors, while this strategy is less suitable for those seeking stability.
TABLE 5 | Results of return maximization.	Years	Portfolio weekly average return	Portfolio return standard deviation	Risk-free return	Sharpe ratio adjusted for risk-free return	Sharpe ratio
	2019	0.0082	0.092224129	0.000404	0.61	0.64
	2020	0.0418	0.121580436	0.000073	2.48	2.48
	2021	0.0374	0.146118368	0.000009	1.84	1.84
	2022	−0.0142	0.116760647	0.000387	−0.90	−0.87
	2023	0.0152	0.066003658	0.001012	1.55	1.66
	Total	0.0177	0.112841951	0.000007	1.13	1.13


Figure 8 illustrates the evolution of the Sharpe ratio, adjusted for risk-free return under return maximization. The year 2020 was the most successful, with a Sharpe ratio of 2.48. This indicates that for every unit of risk, the portfolio delivered more than twice the return. Favorable Sharpe ratios were also observed in 2021 and 2023, signaling effective risk management in these years. In contrast, 2022 and 2019 saw lower Sharpe ratios, indicating that returns did not justify the associated risks.
[image: Bar chart displaying the Sharpe ratio from 2019 to 2023 and the total. Values are 0.61 in 2019, 2.48 in 2020, 1.84 in 2021, -0.9 in 2022, 1.55 in 2023, with a total of 1.13. Blue bars represent positive values, and the red bar represents a negative value.]FIGURE 8 | Sharpe ratio adjusted for risk-free return under return maximization.The aggregate Sharpe ratio over the 5-year period is 1.13, suggesting a moderate but positive risk-return trade-off. This indicates that while the portfolio’s performance relative to risk is satisfactory, it is not exceptional.
6 IMPLICATIONS
The findings of this study have significant implications for both institutional and individual investors seeking to improve portfolio performance through blockchain financial products. By demonstrating that cryptocurrencies such as Bitcoin and Ethereum, despite their volatility, can improve their risk-return profile when combined with traditional European stock indices, the study supports their inclusion in long-term investment strategies. This highlights the evolving role of blockchain-based financial assets in mainstream finance and encourages investors to consider cryptocurrencies not only as speculative tools but also as valuable components of portfolio optimization. Furthermore, policymakers and financial advisors can benefit from these insights when assessing regulatory and strategic frameworks for integrating digital assets into conventional financial systems.
7 CONCLUSION
According to the research findings, cryptocurrencies such as Bitcoin and Ethereum have a remarkable potential for returns, but their high volatility significantly raises the risk of a portfolio. On the other hand, because of their low correlation with other asset classes, European equity indices help to stabilize portfolios. It is possible to spread risk and maximize returns by diversifying across these asset classes. This study also looks at how blockchain financial products could increase investment options, emphasizing how they could increase the variety of assets that can be used to build a portfolio. As such, they serve as a tool for more complex diversification strategies in addition to being a source of risk. Investors who have a higher risk tolerance, seek greater returns, and are ready to handle market volatility will find portfolios built with these factors especially appealing.
Such portfolios are well suited to long-term, diversified investment programs, as they enable investors to ride out intermittent losses with the aim of harvesting long-term growth prospects. For the more risk-averse investors, however, it is advisable that portfolios with more stable assets be prioritized.
The models employed in the research have several limitations that must be taken into account when applying them to practice. Changes in portfolio structure and correlations between assets—in particular, during times of crisis—can significantly influence results. Correlations between cryptocurrencies and traditional assets are not constant. In times of market panic or economic uncertainty, they move together, thereby reducing the benefits of diversification. Moreover, the Sharpe ratio is calculated based solely on past returns and therefore does not guarantee future performance. The general principle commonly accepted that past performance is not necessarily an indicator of future results also applies to the methods used in this study. Another consideration is that we assumed the stationarity of the covariance of returns, which is one of the basic assumptions of Markowitz portfolio optimization. Although no GARCH model was applied, employing weekly returns helped to attenuate the distorting effects of volatility and outliers. Also, the primary objective of this study was to maximize portfolio risk and return, not to model volatility.
Future research needs to include separate analyses of different market conditions—e.g., crisis or expansionary periods—plus analyses with longer-term and daily data returns. All of this can be used to obtain a more accurate capture of market movement. In addition, the use of Monte Carlo simulations can be particularly useful for modeling extreme market conditions. In order to further strengthen portfolio risk measurement, it is also recommended to apply VaR and CVaR indicators, since these can be particularly useful in addressing the extreme risk profiles of cryptocurrencies. Another important future direction can also be to repeat the current study with ETF price data. Official index-level data was used in our research, as our objective was to track the aggregate performance of different markets. Yet for an investor, the use of ETFs may be more relevant because they are specific investment instruments.
8 ALIGNMENT WITH SUSTAINABLE DEVELOPMENT GOALS
This research contributes to Sustainable Development Goal (SDG) 8 (Decent Work and Economic Growth) by exploring innovative investment strategies that integrate cryptocurrencies and European stock indices to enhance portfolio performance. By identifying ways to achieve a more balanced risk–return profile, the study supports the development of sustainable financial practices and inclusive economic growth. In particular, the findings offer insights into how investors can optimize their portfolios in a way that fosters more stable and resilient financial markets, contributing to long-term economic development.
Furthermore, the study aligns with SDG 9 (Industry, Innovation and Infrastructure) through its focus on the innovative use of blockchain-based assets in traditional financial markets. By demonstrating how cryptocurrencies can be effectively combined with conventional stock indices, this work highlights the role of technological innovation in improving financial infrastructure. This integration encourages more efficient, transparent, and adaptive investment systems that can support future financial innovation and infrastructure development.
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